Introduction
In this paper, we contribute to study the geomagnetic storm 05 April 2010 and analyze the signatures of this storm at low and middle latitudes on the Total Electron Content (TEC) and the ionospheric composition. This event was first studied by Möstl et al. (2010) who described the fast interplanetary coronal mass ejection (ICME) which was` observed by STEREO/HI for the full Sun-Earth line and was associated with a magnetic cloud (MC) and a geomagnetic storm at Earth. For the same event, Connors et al. (2011) observed a significant magnetic earthward flux transfer suggested by electric fields using THEMIS spacecraft. The magnetic earthward component of flux transfer manifested in the inner magnetosphere as "over di polarization" signatures at GOES 11 in the midnight sector. Prikryl et al. (2011) focused on the high-latitude ionospheric effects including GPS phase scintillation and rapid variations in TEC. They found strong asymmetries of the ionospheric response in the Northern and Southern auroral zones. Wilder et al. (2012) used the thermosphere-ionosphere-mesosphere electrodynamics coupling general circulation model to interpret the intense levels of Joule heating on the dayside and the resulting anomalous thermospheric density enhancements and traveling disturbances. Shimeis et al. (2012) observed over Japan shows a similar wavelength but a considerably faster phase speed. This is due to the differences in the distance to the auroral region or inclination/ declination of the geomagnetic field lines.
In this paper, we analyze the variation of the vTEC along the EuroAfrican chain of GNSS receivers during the geomagnetic storm 05 April 2010. We identify TID from GNSS derived TEC and analyze the variation of NO+ at middle and low latitudes. The data sets and data processing will be then presented. Results, discussion, and conclusion will be then shown for this study.
Data set and Data processing
The study is performed for tracking the variation of TEC along the latitudinal chain of GNSS stations during the different phases of the geomagnetic storm from 03 to 10 April 2010. Figure 1 shows the location of the stations used in the study. 
The TEC between the satellite and the user depends on the satellite elevation angle; this measurement is called Slant TEC (sTEC). The TEC varies temporally and spatially, and depends on the solar activity, user location, and the satellite elevation angle. This measurement is named vertical TEC (vTEC). To convert sTEC to vTEC, we used the following equation: In order to characterize the phases of the ionospheric storm, we calculate the rate of change of the vTEC as follows:
Where:
The Atmospheric dynamo, and 3) Difference between the geographic and geomagnetic axis, previously found by Prikryl et al. (2011) . The precipitating particle energy or Joule heating at the auroral regions give rise to TID (Millward et al. (1993) ), which propagates equatorward. Balthazor and Moffett (1997) Richmond (1980) showed that another process the ionospheric disturbance dynamo can be invoked to explain the TEC variations. This process can affect low latitudes after 2 or 3 hours. Mazaudier and Bernard (1985) analyzed the time arrival of the atmospheric wind disturbance at middle latitude for several storms and found a time delay of several hours. Fejer et al, 1983 measured the equatorial disturbance dynamo electric fields with the Jicamarca radar.
Sastri, 1988showed the decrease of the F2 layer associated to the ionospheric disturbance dynamo during several days. Shimeis et al. (2012) and Fathy et al. (2014) analyzed the impact of the ionospheric disturbance dynamo associated to the storm 05 April 2010 on magnetic observations. They found a time delay between the impact of the CME and the effects of ionospheric disturbance dynamo at low latitudes of several hours. This process, which can last several days, clearly appears in figure 4 with a gray shadow. As the speed of the southward extension of vTEC enhancement agrees roughly with the estimated speed of the TID in figure 6 , this enhancement seems to be caused by the TID.
Conclusion
In this study, we use a 3-The negative ∆ vTEC effects persisted for 2 days at all the stations except in the equatorial regions and the south hemisphere stations.
The decrease of the TEC during 2 days is explained by the effect of the ionospheric disturbance dynamo process which is acting during several days after the SSC (Fathy et al. (2014) ).
4-The time lag for the propagation of the TID from high to low latitude is ~02:09 hours.
5-The speed of a TID observed during this storm is estimated with 500 ms -1 .
6-The changes of the NO + distribution are related to auroral electric fields which influence low latitudes.
Our TEC data shows the strong asymmetry between the two hemispheres, with a propagation of a TID in the Northern hemisphere and the existence of the ionospheric disturbance dynamo effect during several days in the Northern hemisphere.
The next work will be the modeling of this case study. 
